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Arizona  Solar AdVOCates  Md the  Solar Alliance2 apprecia te  the

We want to recognize  the  work and commitment of the  Commission to deve lop susta inable
renewable  resources  in the  s ta te . We a lso want to especia lly commend the  Commission for its
fores ight in promoting dis tributed resources  through a  comprehensive  se t of policy initia tives
including the  Renewable  Energy Standard and Tariff (REST), inte rconnection s tandards, and the
uniform credit purchase  program. While  we  recognize  tha t not a ll policie s  a re  fully in place  a t
this  time , we  be lieve  tha t the  result will be  a  dynamic and vibrant dis tributed renewable  energy
market in Arizona  tha t crea tes  jobs and other economic benefits  loca lly and s ta tewide , and se ts
the  s tage  for Arizona  to become a  na tional leader.

On August 28th 2007, in Decis ion No. 69877, the  Commission ordered s ta ff to begin a
Rulemaking process  to draft rules  on ne t metering, addressing a t a  minimum the  following issues:

o Cus tome r s e ctor pa rticipa tion

o Type s  of ge ne ra tion re source s

o Project s ize

o  Tota l pa rtic ipa tion

o  Me te rin g

o Treatment of net excess generation, and

Re spons ibility for cos ts .

The purpose of these comments is  to address these and additional design aspects of a  prospective
ne t me te ring rule , the  implica tions  for the  successful implementa tion of REST, and long te rm
benefits  for Arizona  ra te -payers .

The  Vote  S ola r Initia tive , , . , .  1 . .  V . = '
opportunity to comment on the  prOpOSed rUle  fdnne t- metering for the  regula ted utilities  under the
Arizona  Corpora tion Commis s ion (Commis s ion). The  Vote  S ola r Initia tive  is  a  non-profit
organiza tion with the  mis s ion of s topping globa l warming and increas ing ene rgy independence
by bringing s ola r ene rgy into the  ma ins tream. Arizona  Sola r Advoca te s  a re  s takeholde rs  from
Arizona  organiza tions  tha t have  been involved in the  REST, UCPP  and othe r ACC forums
re la ted to s ola r s ince  2003. The  Sola r Alliance  is  a  s ta te -focus ed a lliance  of manufacture rs ,
integra tors  and ins ta lle rs  tha t a re  dedica ted to acce le ra ting the  promise  of sola r energy in the
United S ta te s .

O

OCT PP 2007

Background on Proceedings and Prior Comments

1 Arizona Solar Advocates include ARISEA, Greater Tucson Coalition for Solar Energy, Michael Neary, Valerie
Rauluk and Bud Anuran.
2 The Solar Alliance (www.solaralliance.o1'g)members include American Solar Electric, BP Solar, Conergy, DT
Solar, Energy Innovations, Evergreen Solar, First Solar, Kyocera, Mitsubishi Electric, MMA Renewable Ventures,
REC Solar, Sanyo, Schott Solar, Sharp, SolarWor1d, SPG Solar, SunEdison, SunPower, Sur tech, and Uni-Solar.

Docket No. E-00000A-99-0431
Vote Sola r, Arizona  Advoca tes , Sola r Alliance

Page 1
10/12/07



4

1

Many of the  commenting organiza tions  participa ted in the  September 7, 2006 workshop on ne t
metering, and have  long been urging the  Commission to conduct Rulemaking on the  matte r. Our
a rguments  for why ne t mete ring is  important for Arizona  were  amply covered a t the  mee ting and
by our comments  submitted on October 20, 2006, and we incorpora te  them by re ference  here in.

In our Augus t 16, 2007 comments  we  recommending tha t the  following wording

"The  dra ft rules  should address , a t a  minimum, the  following issues :
Customer sector pa rticipa tion .
Types of generation resources
Project s ize
Tota l pa rticipa tion
Me te ring
Treatment of net excess genera tion
Re spons ibility for cos ts "

•

9

•

•

•

•

Be amended and expanded as follows:

"The  dra ft rules  should address , a t a  minimum, die  following issues :
Cus tomer sector pa rticipa tion
Types of e ligible  genera tion resources
Project s ize
P a rticipa tion
Mete ring ha rdware  and cos t re spons ibility
Treatment of net excess genera tion
Financia l implica tions  of ne t me te ring for ra tepaye rs  and utilitie s
Re la tionship to e xis ting ta riffs
The  role  ne t me te ring plays  in the  furthe rance  of othe r Commiss ion rules , policies ,
and goa ls ."

•

•

•

•

•

•

•

•

•

We believe  tha t framing in this  way offe rs  a  more  robust discussion of costs  and benefits , and
long te rm implica tions  for a ll ra te~payers .

Summary of Purpos e  of Expanded Comments
Our purpose  for expanding on our comments  from multiple  forums is  to incorpora te  the  proposed
amended considera tions for the  draft rule , and present deta iled evidence  and arguments in
support of recommended rule  design.

Re la tions hip  to  Other Polic ies
True  ne t mete ring is  a  fundamenta l enabling policy to successful implementa tion of the
Renewable  Energy S tanda rd and Tariff (REST). As  de fined in the  REST,

"Ne t Me te ring" means  a  sys tem of me te ring e lectricity by which the
Affected Utility credits  the  cus tomer a t the  full re ta il ra te  for each
kilowa tt-hour of e lectricity produced by an Eligible  Renewable  Ene rgy
Resource  system insta lled on the  customer-genera tor's  s ide  of the
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e lectric mete r, up to the  tota l amount of e lectricity used by tha t
customer during an annualized period, and which compensates the
customer-generator a t the  end of the  annualized period for any excess
credits  a t a  ra te  equa l to the  Affected Utility's  avoided cos t of
wholesa le  power. The  Affected Utility does  not charge  the  customer-
genera tor any additional fees or charges or impose  any equipment or
other requirements unless the  same is  imposed on customers in the
same ra te  class  tha t the  customer-genera tor would qua lify for if the
customer-genera tor did not have  genera tion equipment."

Applica tion of Ne t Me te ring
Ne t Me te ring policy is  prope rly applied to a ll cus tomer-s ited e ligible  gene ra tion, is  indiffe rent to
customer ra te  classes , and is  trued-up only on an annual basis . In addition, ne t metering service
is  offe red a t non-discrimina tory ra tes  to customers  with Eligible  Renewable  Energy Resources
without requirement for the  customer to change  its  re ta il ra te .

True net metering has been adopted by sta tes leading in renewable  energy deployment as the
most e ffective  approach to integra ting dis tributed renewable  energy, in a lignment with marke t-
driven energy investment and deployment s tra tegies  and to assure  fa irness  to a ll ra te -payers . At
the  heart of the  issue  is  the  rea lis tic a lloca tion of costs  and benefits  to the  right parties  and for the
benefit of the  system grid and a ll ra te -payers . What many s ta tes  have  de te rmined, through
intensive  system specific s tudies  (like  the  Austin Energy ana lysis  discussed be low), is  tha t there
are  indeed ne t positive  benefits  from dis tributed genera tion, especia lly PV genera tion (we are  not
suggesting tha t other renewables do not de liver benefits , but here  focus on PV data).

These  benefits  appear to a t leas t off-se t the  reduction in fixed cost contribution from the
customer-genera tors  energy displacement. There  is  a  theore tica l mismatch in costs  and benefits
with a  poss ible  reduction in fixed cost contribution by customers  with PVT in the  near te rm, and
infras tructure  savings  over a  somewhat longer te rm. However, this  is  no diffe rent than the
addition of new genera ting capacity (or transmiss ion capacity) tha t is  overs ized for current load
and sa les , but looks to accommodate  the  future  growth. Over time, the  near te rm costs  pa id by
re ta il cus tomers  will be  offse t by the  additiona l capacity and the  utility's  ability to mee t new
growth (and rece ive  new revenue). Renewable  energy dis tributed genera tors  can provide  major
e fficiencie s , additiona l flexibility and cos t de fe rra ls  tha t bene fit the  whole  sys tem. Effective
assessment of projects  and productive  deployment of distributed renewable  resources would be
hampered by additiona l charges  and ta riffs . Those  losses  would be  home by a ll ra te -payers .

Summary of Recommended Ne t Me te ring  Rule
Cus tomer sector pa rticipa tion
We recoimnend tha t re ta il customers  in a ll classes  of se rvice  be  e ligible  for ne t metering se rvice
provided an Eligible  Renewable  Energy Resource  is  s ited on the  customer's  premises , tha t the
ra ted capacity of the  customer's  genera ting facility does not exceed the  lesser of 2000 kW or the
customer's  service  entrance  capacity.

Types of allowable generation resources

3 This  impact is  greatly reduced for ra tes  that include a  demand charge.
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All Eligible  Renewable  Energy Resources  under REST.

Limits  to proje ct s ize , lfa ny
The  le sse r of 2000 kw, the  cus tomer's  entrance  capacity, or othe r limita tion tha t may re sult from
applica tion of the  Commiss ion's  inte rconnection rule s .

Limits  to tota l pa rticipa tion, if a ny
Limited only by applica tion of the  Commiss ion's  inte rconnection rule s .

Me te ring ha rdware  and eos! re spons ibility
A cus tomer's  facility sha ll be  equipped with me te ring equipment tha t can measure  the  flow of
e lectric energy in both directions  through a  s ingle  regis te r. The  cost of this  mete r sha ll be  pa id by
the  utility.

Trea tment of ne t excess genera tion born monthly and annually
Renewable  Energy genera tion in excess  of the  customer's  consumption, sha ll be  carried forward
from month to month and credited a t a  ra tio of 1:1 aga ins t the  cus tomer's  re ta il kilowatt-hour
consumption in subsequent months . The  utility sha ll compensa te  the  customer for any accrued
excess  kilowatt-hour credits , a t the  average  hourly incrementa l cos t of e lectricity supply over the
most recent calendar year, on an annual basis.

Ne t jina ncia l implica tions  of ne t me te ring for ra te pa ye rs  a nd utilitie s
Research and analysis  in other s ta tes has shown that distributed resources provide  net benefits  for
ra tepaye rs  and utilitie s , We  be lieve  tha t s imila r bene fits  will re sult from la rge r pene tra tions  of
dis tributed gene ra tion in Arizona .

Re la tionship to e xis ting fa rms
The  Customer is  not required to change  ta riffs  as  a  result of obta ining ne t metering service , nor
or any specia l ta riffs , charges , or ra tes  applied only to customers  taking ne t metering se rvice .

The role net metering plays in the furtherance of other Commission rules, policies, and goals.
Net metering is essential to the successful implementation of the distributed energy portion of the
REST.

APS current prac tice
Net me te ring is  limited to sys tems le ss  than l00kW. For sys tems in excess  of 100kW, APS has
proposed ne t billing de termined on a  hourly basis  and an additiona l s tand-by demand charge
based on the  capacity provided by the  cus tomer's  genera ting facility. This  proposa l is  pending
before  the  Commiss ion.

TEP  c urre n t p ra c tic e
TEP offe rs  an annua lized ne t mete ring program for customers  with ins ta lled sola r genera tion of
10 kW AC or le ss . While  a  program cap of 500 kW was  initia lly pa rt of the  program, TEP has
not enforced the  cap and currently has  nearly 1,000 kW of ne t mete ring customer participa tion.

Economic  Effec ts  o f Ne t Me te ring : Bene fits  to  the  Sys tem Grid  & All Ra te -Paye rs
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To look a t this  issue  more  broadly, we  would like  to s tep back and eva lua te  the  transactions
taking place . Cus tomers  of utilitie s  a re  willing to inves t the ir own capita l in gene ra ting facilitie s
tha t se rve  a  portion of the ir own consumption for a  varie ty of reasons  .- be  it economic,
environmenta l, or othe rwise . The  result of this  action by the  cus tomer is  to reduce  the  amount of
ene rgy tha t needs  to be  gene ra ted by the  utility or Q the  utility through a  purchase  contract. In
addition to the  renewable  genera tion premium, which is  only pa rtia lly supported by ra te -payer
funded REC payments , a  customer-genera tor pays for the  avoided cost genera tion. REST rules
s tipula te  tha t only the excess va lue  over avoided cost can be  supported by REST ta riffs . In the
absence  of such a  contribution, a ll ra te -payers  would contribute  to the  capita l cost of the
genera tion otherwise  avoided. Pena lizing customer-genera tors  with additiona l non-cost based
charges reduces the  ability of the  genera l body of ra te-payers to access such sources  of low-cost
capita l from dispersed and diverse  sources , factors  which reduce  risk and contribute  to lower cost
of capita l ove ra ll and more  optima l capita l a lloca tion.

In addition, the  reduction in the  amount of energy tha t needs to be  transmitted and de livered by
the  utility mitiga tes  the  e lectrica l burden on the  wires . Each of those  reductions  has  a  va lue
which may be  experienced currently, in the  future , or both. In addition, the  cus tomer's  PV
generating system also reduces to some extent the amount of capacity needed to meet the needs
of a ll customers . This  a lso represents  a  va lue .

It's  a lso important to note  tha t de te rmining the  benefits  of dis tributed PV genera tion for a
pa rticula r utility sys tem is  difficult. However, the re  have  been many s tudies  pe rformed on othe r
utility sys tems with fa irly cons is tent re sults . hi an a ttached appendix we  have  summarized in a
more  de ta iled manner the  key s tudies . Be low, we  highlight the  key points  tha t se rve  as  a
foundation for our a rguments  on benefits  for the  customer-genera tors , a ll ra te -payers , system
grid, utilitie s , Commiss ion and Arizona  communitie s . In the  a tta ched Appendix, furthe r de ta il
regarding these  s tudies  is  ava ilable .

Ke y findings :
fixe d configura tion.

The Va lue of Dis tributed Photovolta ics  to Aus tin Energv and the Citv of Aus tin (Clean
Power Research, March 17, 2006)

Integra ting renewable  ene rgy sys tems into e lectric power dis tribution
systems increased the  value  of the  benefits  by about 20% to 55% above
centra l s ta tion benefits  in the  national regional assessment.

The Integration of Renewable Energv Resources into Electric Power Distribution
Svstems (Oak Ridge National Laboratorv. June 1994)

207 Bene fits  of Dis tributed Gene ra tion: reducing cos t of capita l and risk,
optimizing financia l inves tment, sys tem grid support, capacity planning
a nd fle xibility, ope ra ting cos t re duction, re lia bility, community va lue ,
regula tory e fficiency, security and sa fe ty.

Small is  Profitable: The Hidden Economic Benefits  of Making Electrica l Resources  the
Right S ize (Lovins , et a l., Rockv Mounta in Ins titute, 2002).

1.
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..the  va lue  of load reduction from the  pe rspective  of ra tepayers  (in
reducing the  prices pa id by everyone) is  a t least twice  as  grea t as  the
marke t prices  themselves , and it rises  dramatica lly as  load increases ."

Mid Atlantic Sta tes  Cos t Curve Analvs is (J BS Energv, I2/5/2000)

PV offe rs  provides  s ignificant capacity va lue  (41-71%) to the  e lectrica l
grid.

Effective Load Carrving Capabilitv Of Photovolta ics  In The United S ta tes  (Perez,
et a l.. presented a t the American Solar Energv Societv Annual Conference. Julv 2006).

Optimizing / S ta b ilizing  Fina nc ia l Inve s tme nt - Re duc ing  Ris k & the  Cos t o f Ca p ita l
His torica lly, mos t indus trie s , including the  e lectric power indus try, had little  need to protect
comprehens ive ly aga ins t marke t-wide  risks . Marke ts , in gene ra l have  been fa irly s table . When
such risks have occurred in the  recent past, such as the  natural gas price  increases of the  last few
years, the  risks are  managed re troactively by passing the  costs  on to ra te-payers.

However foss il fue l marke ts  have  become increas ingly vola tile , unce rta in, and upwardly
trending, with little  evidence  of becoming less  so in the  near to medium te rm. Prudence  and
fiduciary responsibilities  suggest tha t more  comprehensive  risk management s tra tegies , beyond
the  financia l hedges such as forward purchases, futures and options currently available  be
active ly engaged. Renewable  ene rgy inves tment, a t sufficient sca le , offe rs  such risk reduction
prote ction.

"A hedge  is  a  mechanism to reduce  the  risk of paying high prices  for na tura l gas  in the
future ...he dging a bility ...provide s  price  s ta bility, not the  lowe s t poss ible  price  tha t could
be  obta ined with pe rfect forecas ting and comple te  flexibility in re source  choices ."
Renewable  Energy as  a  na tura l gas  price  hedge ...David Berry, 2003

Berry's  2003 ana lyzed the  risk hedge  va lue  on a  three  point sca le . While  offe ring grea t
conceptual value , the  Austin Energy study of 2006, advanced a  more  deta iled assessment of the
hedge value  using na tura l gas forward contracts . Such an approach provides more  accura te
assessment, but due  to limits  in forward contract markets  offers  grea test certa inty on the  hedge
va lue  for yea rs  1 through 5 only. Us ing this  me thod, the  va lue  of the  risk protection was
de te rmined to be  approxima te ly $.02 pe r kph. On-going discuss ions  and mode ling will more
definite ly es tablish this  va lue , but it could be  two to three  times the  hedge  va lue  for years  1-5, or
$.04-$.06 pe r kph over a  35 yea r life  of a  sola r e lectric a sse t.

Impac ts  on  Public  Policy e fforts  in  Arizona : Renewable  Energy Standard and Tariff
Without true  ne t me te ring, an additiona l cost will be  imposed on dis tributed renewable
gene ra tion. Tha t will re sult in highe r implementa tion cos ts  for the  REST. This  may take  the
form of higher costs  through the  UCPP to cover the  additiona l costs  of the  s tandby ra te , or in
fewer customers  inte res ted in deve loping dis tributed genera tion on the ir premises  - aga in
resulting in higher costs  necessary to a ttract sufficient customer inte res t.

Effects on Economic Development in Arizona

b
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Re-positioning our economies  with cleaner, greener a lte rna tives  is  a  ma jor endeavor. The
approach taken in the  U.S. is  to enlis t the  power of marke ts  to a lloca te , va lue , and dis tribute ,
ma king the  job a  little  le s s  pa inful a nd more  e fficie nt. It is  critica l for public policy-ma ke rs  to
encourage  the  positive  behaviors  of customer-genera tors  when they are  shouldering more  than
the  non-genera tor customer's  share  of the  system capita l requirements  and risks . Market based
incentives and efficiencies should be  promoted, to reduce  bias and unfa irness in the  system.

That renewable  energy sources offer reduced and/or e limina ted fossil fue l genera tion impacts
such as  diminished a ir and water qua lity, and destructive  land use , is  commonly accepted.
However, renewable  energy can offe r many othe r benefits  to the  la rge r community from which
all ra te-payers  can benefit, not just customer-genera tors .

Many studies  have  forecasted the  economic development benefits  of dis tributed renewable  energy
deployment. Those  forecas ts  have  ranged from 32-100 pe rson yea r jobs  pe r MW of PV deployed
(REPP: The  Work tha t Goes  into Renewable  Ene rgy, 2001, S ingh, e t a l. 35.5 pe r MW, Arizona
Solar Benefits  Analysis  Segue  Energy Consulting/ MSRI Technica l Assis tance , June  6, 2005, He  rig,
Job years  142 per MW, Gross  S ta te  Product $10.8 million per MW, and anecdota l evidence  from
Arizona / Na tiona l des ign/ builde rs). Actua l experience  has  shown tha t the  job impacts  have  been
rea lized a t the  lower end of the  range . The  jobs  produced a re  primarily higher leve l cons truction jobs ,
with a  smalle r number of engineering, management, and business  professionals . In a  s ta te  like
Arizona  tha t depends so heavily on construction for jobs  and regiona l persona l income, an industry
tha t can build on tha t core  capacity and add va lue  (and income) offe rs  a  productive  regional s tra tegy.
Given the  current downturn in traditiona l cons truction, a  ma jor PV deve lopment initia tive  could
provide  some re lie f and soften the  blow of the  present credit crunch.

In addition, PV deployment offe rs  advantages  of security, re liability, and sus ta inability. Loca lly
ava ilable  renewable  feedstock, a t dispersed s ites  and with the  ability to inte ract or not with the
la rger power de live ry sys tem, offe rs  flexibility and options  independent of severe  wea ther
impacts  and/or intentional sabotage .

This  type  of information, and the  information necessary to do the  de ta iled benefit s tudies  noted
above , is  not pre sently ava ilable  for Arizona  specifica lly. Howeve r, it may be  worth cons ide ring
specifying an inte rim period of perhaps five  years  to identify and ga ther the  da ta  necessary to
perform these  s tudies . Moreover, by implementing true  ne t me te ring during tha t pe riod, the
Commiss ion would have  rea l world informa tion about the  cos ts  and bene fits  of the  policy with
which to make  an informed decis ion. During these  ea rly yea rs  of the  program, the  impact of
dis tributed ene rgy (i.e . cos t and benefit) will be  a t its  lowest leve l, making it the  most opportune
time to eva lua te  the  program.

Recommendation

We recommend true  Net Metering as defined above and as practiced in many other s ta tes for
customer-s ited genera ting systems up to 2 MW of ra ted capacity. We be lieve  tha t es tablishing a
limit of ZMW will provide  the  necessa ry opportunitie s  for dis tributed re source  deve lopment
sufficient to achieve  the  goa ls  of the  REST. Over time , we  be lieve  this  limit may be  ra ised or
e limina ted, a llowing the  inte rconnection s tandards  to provide  an e ffective  limita tion on sys tem
size .
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We would a lso be  supportive  of a  more  de ta iled eva lua tion of the  full costs  and benefits  in
Arizona , however respectfully suggest tha t true  ne t mete ring up to 2 MW be  implemented in the
inte rim.

Recommended Design

Customer sector pa rticipa tion
We recommend tha t re ta il customers  in a ll classes  of se rvice  be  e ligible  for ne t metering se rvice
provided an Eligible  Renewable  Energy Resource  is  s ited on the  customer's  premises , tha t the
ra ted capacity of the  customer's  genera ting facility does not exceed the  lesser of 2000 kW or the
customer's  service  entrance  capacity.

Types of allowable generation resources
All Eligible Renewable Energy Resources under REST.

Limits  to proje ct s ize , 3 any
The  le sse r of 2000 kw, the  cus tomer's  entrance  capacity, or othe r limita tion tha t may re sult from
applica tion of the  Commiss ion's  inte rconnection rule s .

Limits  to tota l pa rticipa tion, #a ny
Limite d only by a pplica tion of the  Comlniss ion's  inte rconne ction rule s .

Me te ring ha rdware  and cos t re spons ibility
A cus tomer's  facility sha ll be  equipped with me te ring equipment tha t can measure  the  flow of
e lectric ene rgy in both directions . The  cos t of this  me te r sha ll be  pa id by the  utility.

Trea tment of ne t excess genera tion born monthly and annually
Renewable  Energy genera tion in excess  of the  customer's  consumption, sha ll be  carried forward
from month to month and credited a t a  ra tio of 1:1 aga ins t the  cus tomer's  re ta il kilowatt-hour
consumption in subsequent months . The  utility sha ll compensa te  the  customer for any accrued
excess  kilowatt-hour credits , a t the  average  hourly incrementa l cos t of e lectricity supply over the
most recent calendar year, on an annual basis.

Net jinaneial implications of net metering for ratepayers and utilities
Net benefit for ratepayers and utilities.

Rela tionship to exis ting ta ri#s
The  Customer is  not required to change  ta riffs  as  a  result of obta ining ne t metering service , nor
or any specia l ta riffs , charges , or ra tes  applied only to customers  taking ne t metering service .

The role net metering plays in the furtherance of other Commission rules, policies, and goals.
Net metering is essential to the successful implementation of the distributed energy portion of the
REST.
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Ap p e n d ix 1
Ke y s tu d ie s  o n  Va lu e  o f Re n e wa b le  Dis trib u te d  Ge n e ra tio n

The  Va lue  of Dis tributed Photovolta ics  to Aus tin Energv and the  City of Aus tin (Clean Power
Research, March 17, 2006)

Austin Energy (AE) has  a  s trong commitment to integra ting sola r e lectric genera tion into its
power genera tion and dis tribution sys tem emphasized by its  goa l of ins ta lling 15 MW of sola r
genera tion by the  end of 2007 and 100 MW by 2020. AE initia ted this  s tudy to ensure  tha t the
cost of sola r genera tion was commensura te  with its  va lue .

The re  were  two primary objectives  of this  s tudy:

1. Quantify the  comprehens ive  va lue  of dis tributed PV to AE in 2006

2. Document eva lua tion me thodologies  to a ss is t AE in pe rforming the  ana lys is  a s  conditions
change  and applying it to other technologies

pe r kph) for the  be s t fixe d

Value ($ per kw)
Energy
Generation Capacity
Environment
T&D Deferral
Loss Savings
Total

Horizontal
$1383

$245
$388

$24
$114

$2,154

South 30°
$1,493

$239
$424

$24
$119

$2,299

sw 30°
$1,465

$285
$410

$28
$123

$2,312

West 30°
$1,319

$297
$365

$29
$116

$2,127

West 45°
$1,213

$297
$335

$29
$109

$1,983

1-Axis
$1,797

$323
$513

$32
$148

$2,813

1-Axis 30°
$1,893

$321
$539

$32
$154

$2,938

Levelized Value ($ per kph)
Energy
Generation Capacity
Environment
T&D Deferral
Loss Savings
Total

$0.071
$0.013
$0.020
$0.001
$0.006

$0.111

$0.070
$0.011
$0.020
$0.001
$0.006

$0.108

$0.071
$0.014
$0.020
$0.001
$0.006

$0.113

$0.072
$0.016
$0.020
$0.002
$0.006

$0.117

$0.072
$0.018
$0.020
$0.002
$0.007

$0.118

$0.070
$0.013
$0.020
$0.001
$0.006

$0.110

$0.070
$0.012
$0.020
$0.001
$0.006

$0.109

It is  important to note  other benefits  tha t were  not included in the  ana lysis  and benefits  tha t may
have  additiona l va lue  when a  s imila r ana lys is  is  applied to othe r utilitie s .

Disaster Recovery (a  methodology for assessing the  va lue  of disaste r recovery was offered).
Hedge  va lue  for years  6 to 25 (market va lue  of na tura l gas  hedge  was only ava ilable  for years
1-5).
T&D de fe rra l bene fit may be  highe r a t othe r utilitie s  with diffe rent budge t reporting
practice s . (Aus tin Ene rgy's  potentia lly-de fe rrable  T&D inves tments  repre sent s lightly more
than 1/4 percent of AE's  annual revenues).
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Additiona l, non-ca lcula ted benefits  tha t were  ca lled out as  potentia lly va luable  a re :

Blackout P revention
Eme rge ncy Utility Dispa tch
Ma na ge me nt of Loa d Unce rta inty
Reactive  Power Control
Re ta il P rice  Cap

The  Integra tion of Renewable  Energy Resources  into Electric Power Dis tribution Systems (Oak
Ridge  Na tiona l Labora tory, June  1994)

As a  result of the  Energy and Water Deve lopment Appropria tions  Act of 1992, a  s tudy was
performed to eva lua te  the  use  of dis tributed utility power genera tion, utilizing renewable  energy
systems, for improving power system performance , and genera ting transmiss ion and dis tribution
savings. The  s tudy included both a  na tional assessment which developed va lues for the  various
benefits  tha t a re  representa tive , a t the  regiona l leve l, for providing an indica tion of the  potentia l
for renewable  energy systems, and case  studies using actual power distribution system data  for
se ve n e le ctric utilitie s  with the  pa rticipa tion of those  utilitie s .

Integra ting renewable  energy systems into e lectric power dis tribution systems increased the
va lue  of the  benefits  by about 20% to 55% above  centra l s ta tion benefits  in the  na tiona l regiona l
assessment. In the case studies, the range was larger: from a few percent to near 80% for a  case
where  costly investments  were  deferred. In genera l, additiona l savings of a t least 10 to 20% can
be  expected by integra ting a t the  dis tribution leve l.

The  report found genera tion be ne fits  include d the  following:

savings  in the  cos t of fue l,
credit for avoided genera tion capacity, and
savings associa ted with avoided a tmospheric emissions.

It further found tha t the  benefits  associa ted with integra ting renewable  sources  into the
dis tribution system would add to the  generation benefits  lis ted above. Some of these  benefits  are
difficult to quantify and a re  utility-specific, ins ight into these  bene fits  is  provided by the  case
studies . The  dis tributed utility benefits  considered in this  s tudy a re  not necessarily a  comple te
set. They are  as follows :

enhanced fuel savings and avoided emissions because  of avoided T&D losses,
de fe rre d T&D fa cilitie s ,
voltage  and reactive  power (VAR) control,
enhanced re liability, and
additiona l capacity credit.

4 Lenoir City Utilities  Board (LCUB) in Lenoir City, Tenn., Southern Ca lifornia  Edison (SCE), Public Service
Company of New Mexico (PNM), Georgia  Power Company (GPC), Green Mounta in Power (GMP) in Vermont,
Florida  Power and Light (FPL) in southern Florida , and Orcas  Power and Light Company (OPALCO) on Orcas
Is land near Seattle, Wash.
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The  report summarized the  following benefits  for dis tributed photovolta ic sys tems, expressed on
a  $/kW basis :

Le noir City Utilitie s  Boa rd
Southe rn Ca lifornia  Edison
Public Se rvice  Compa ny of Ne w Me xico
Georgia  Power Company
Green Mounta in Power
Florida  Powe r a nd Light
Orcas  Power and Light Company

$450
$3237
$2723
$1124
$1444
$1203
$579

The  tota l bene fits  found for the  utilitie s  in closes t proximity to Arizona  a re  s imila r to those  found
by the  Aus tin Ene rgy S tudy.

Small is  P rofitable : The  Hidden Economic Benefits  of Making Electrica l Resources  the  Right
S ize  (Lovins , e t a l., Rocky Mounta in Ins titute , 2002). " ...de scribe s  207 wa ys  in which the  s ize
of 'e lectrica l re sources ' .- devices  tha t make , save , or s tore  e lectricity-a ffects  the ir economic
va lue . It finds  tha t prope rly cons ide ring the  economic bene fits  of 'dis tributed' (decentra lized)
e lectrica l re sources  typica lly ra ises  the ir va lue  by a  la rge  factor, often approximate ly tenfold, by
improving sys tem planning, utility cons truction and ope ra tion (e specia lly of the  grid), and
se rvice  qua lity, and by avoiding socie ta l cos ts ."

207 benefits  in the  ca tegories  of
reducing cos t of capita l and risk
optimizing fina ncia l inve s tme nt
system grid support
ca pa city pla nning a nd fle xibility
opera ting cost reduction
re lia bility
community va lue
re gula tory e fficie ncy
se curity
safe ty.

Example s :

Reducing cos t of capita l and risk
6 Smalle r, fas te r modules  can be  built on a  "pay-as-you-go" bas is  with less  financia l s tra in,
reducing the  builde r's  financia l risk and hence  cost of capita l.

7 Centra lized capacity additions overshoot demand (absent gross under forecasting or exactly
predictable  s tep-function increments  of demand) because  the ir inherent "lumpiness" leaves
subs tantia l increments  of capacity idle  until demand can "grow into it." In contras t, sma lle r units
can more  exactly match gradual changes in demand without building unnecessary s lack capacity
("build-as-you-need"), so the ir capacity additions  a re  employed incrementa lly and immedia te ly.

49 Vola tile  fue l prices  se t by fluctua ting marke t conditions  represent a  financia l risk. Many
distributed resources do not use  fue ls  and thus avoid tha t costly risk.

v
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172 Technologies  pe rce ived as  benign in the ir loca l impacts  make  s iring approva ls  more  like ly,
reducing the  risk of project fa ilure  and los t inves tment and hence  reducing the  risk premium
demanded by investors.

Optimizing financia l inves tment

99 Dis tributed resources  offe r grea te r business  opportunities  for profiting from hot spots  and
price  spikes , because  time  and loca tion-specific cos ts  a re  typica lly more  va riable  within the
dis tribution sys tem than in bulk genera tion.

100 Stra tegica lly, dis tributed resources  make  it possible  to position and dispa tch genera ting and
demand-side  resources  optimally so as  to maximize  the  entire  range  of dis tributed benefits .

156 Bundling dis tributed supply- with demand-s ide  resources  increases  many of dis tributed
genera tion's  dis tributed benefits  per kw, e .g ., by improving ma tch to loadshape , contribution to
sys tem re liability, or flexibility of dispa tching rea l and reactive  power.

141 Distributed resources ava ilable  on peak can reduce  the  need for the  costlie r to-keep-warm
centra lized units .

143 Distributed resources  can reduce  power s ta tions ' s ta rtup cycles , thus improving the ir
e fficie ncy, life time , a nd re lia bility.

147 Distributed resources may reduce  utilities ' avoided margina l cost and hence  enable  them to
pa y lowe r buyba ck price s  to Qua lifying Fa cilitie s .

System grid support
101 Distributed resources (a lways on the  demand side  and of tenon the  supply s ide) can la rge ly
or wholly avoid every ca tegory of grid costs  on the  margin by be ing a lready a t or near the
customer and hence  requiring no further de live ry.

102 Distributed resources have  a  shorte r haul length from the  more  loca lized (less  remote) source
to the  load, hence  less  e lectric resis tance  in the  grid.

104 Distributed resources cause  effective  increases in conductor cross-section per unit of current
(thereby decreasing resis tance) if an unchanged conductor is  carrying less  current.

105 Distributed resources result in less conductor and transformer heating, hence less resistance .

120 Distributed resources tha t opera te  in the  daytime, when sunlight hea ts  conductors  or
transformers , he lp to avoid cos tly increases  in circuit voltage , reconductoring (replacing a
conductor with one  of highe r opa city), a dding e xtra  circuits , or, if a va ila ble , tra ns fe rring loa d to
othe r circuits  with spa re  a rnpacity.

Ca pa city pla nning a nd jle xibility
36 The  flexibility of dis tributed resources  a llows managers  to adjus t capita l inves tments
continuous ly and incrementa lly, more  exactly tracking the  unfolding future , with continuous ly
ava ilable  options  for modifica tion or exit to avoid trapped equity.

58 Dis tributed resources  a re  typica lly s ited a t the  downstream (customer) end of the  traditiona l
dis tribution sys tem, where  they can most directly improve  the  sys tem's  lowest load factors , wors t
losses , and highes t margina l grid capita l cos ts -thus  crea ting the  grea tes t va lue .

59 The  more  fine -gra ined the  dis tributed re source -the  close r it is  in loca tion and sca le  to

4
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customer load-the  more  exactly it can match the  tempora l and spa tia l pa tte rn of the  load, thus
maximizing the  avoidance  of costs , losses , and idle  capacity.

60 Distributed resources matched to customer loads can displace  the  least utilized grid asse ts .

63 Distributed resources matched to customer loads can displace  the  part of the  grid that has the
highest capita l costs .

93 Smalle r units  tend to require  le ss  s tringent technica l re liability pe rformance  (e .g., fa ilures  pe r
mete r of boile r tubing pe r yea r) than ve ry la rge  units  in orde r to achieve  the  same  re liability (in
this  ins tance , because  each small unit has  fewer mete rs  of boile r tubing)-thus  aga in increas ing
unit ava ilability and reducing re se rves .

Opera ting cos t reduction
55 Compared with centra l power s ta tions, mass-produced modular resources should have  lower
maintenance  equipment and tra ining costs , lower carrying charges on spare-parts  inventories ,
and much lower unit costs  for spare  parts  made  in higher production runs.

91 Smaller genera ting units  have  fewer and genera lly brie fer scheduled or forced maintenance
inte rva ls , further reducing reserve  requirements .

92 Distributed genera tors  tend to have  less  extreme technica l conditions (tempera ture , pressure ,
chemis try, e tc.) than giant plants , so they tend not to incur the  inherent re liability problems of
more  e xotic ma te ria ls  pushe d close r to the ir limits -thus  incre a s ing a va ila bility.

95 Dis tributed substitutes  for traditiona l spinning rese rve  capacity can reduce  its  opera ting
hours-hence  the  mechanica l wear, thermal s tress , corrosion, and other gradual processes  tha t
shorten the  life  of expensive , s low-to-build, and hard-to-repa ir centra l genera ting equipment.

98 Dis tributed resources  can he lp reduce  the  re liability and capacity problems to which an aging
or overs tressed grid is  liable .

Re lia bility
71 Some dis tributed resources  a re  the  most re liable  known sources  of e lectricity, and in genera l,
the ir technica l ava ilability is  improving more  and fas te r than tha t of centra lized resources . (End-
use  e fficiency resources  a re  by definition 100% ava ilable e ffective ly, even more .)

72 Certa in dis tributed gene ra tors ' high technica l ava ilability is  an inhe rent pe r-unit a ttribute --not
achieved through the  extra  system costs  of reserve  margin, interconnection, dispersion, and unit
and technologica l divers ity required for less  re liable  centra l units  to achieve  the  equiva lent
s upply re lia bility.

'73 In genera l, given reasonably re liable  units , a  la rge  number of small units  will have  grea te r
collective  re liability than a  sma ll number of la rge  units , thus  favoring dis tributed re sources .

144 Inverte r-driven dis tributed resources  can provide  extremely fas t ramping to follow sudden
increases  or decreases  in load, improving system stability and component life times.

145 By combining fa s t ramping with flexible  loca tion, often in the  dis tribution sys tem,
dis tributed resources  may provide  specia l benefits  in correcting transients  loca lly before  they
propagate  upstream to affect more widespread transmission and generating resources.

Community va lue
181 Distributed resources facilita te  loca l s takeholder engagements  and increase  the  community's
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sense  of accountability, reducing potentia l conflict.

182 Dis tributed resources  genera lly reduce  and s implify public hea lth and sa fe ty impacts ,
especia lly of the  more  opaque  and lasting kinds.

187 Dis tributed resources  a re  more  like ly than centra lized ones  to respect and fit community and
jurisdictiona l bounda rie s , s implifying communica tions  and decis ion-making.

189 Dis tributed resources  fos te r ins titutiona l s tructure  tha t is  more  weblike , leads  fas te r, and is
more  adaptive , making the  inevitable  mis takes  less  like ly, consequentia l, and las ting.

Regula tory e fficiency
23 Smalle r plants  have  le ss  obtrus ive  s iring impacts , avoiding the  risk of a  vicious  circle  of
public re sponse  tha t makes  s iring ever more  difficult.

173 Technologies  perce ived as  benign or de  minims in the ir loca l impacts  can often a lso rece ive
siring approvals  faster, or can even be  exempted from approvals  processes, further shortening
cons truction.

Security
84 Delibe ra te  disruptions  of supply can be  made  loca l, brie f, and unlike ly if e lectric sys tems a re
carefully designed to be  more  efficient, diverse , dispersed, and renewable .

85 By blunting the  e ffect of de libe ra te  disruptions , dis tributed resources  reduce  the  motiva tion to
cause  such disruptions in the  firs t place .

86 Dis tributed genera tion in a  la rge , fa r-flung grid may change  its  fundamenta l trans ient-
response  dynamics  from unstable  to s table -especia lly as  the  dis tributed resources  become
smalle r, more  widespread, fas te r-responding, and more  inte lligently controlled.

134 Distributed genera tors  can be  designed to opera te  properly when is landed, giving loca l
dis tribution systems and customers  the  ability to ride  out major or widespread outages .

171 Dis tributed re sources  can s ignificantly-and when deployed on a  la rge  sca le  can
compre he ns ive ly a nd profoundly-improve  the  re s ilie nce  of e le ctricity supply, thus  re ducing
many kinds  of socia l cos ts , risks , and anxie tie s , including milita ry cos ts  and vulne rabilitie s .

Safe ly
79 Dis tributed genera tion resources  a re  quick and sa fe  to work with: no post-shutdown thermal
cooling of a  huge thermal mass, le t a lone  radioactive  decay, need be  waited out before  repairs
can begin.

80 Many dis tributed resources  opera te  a t low or ambient tempera tures , fundamenta lly increasing
sa fe ty and s implicity of repa ir.

Mid Atlantic S ta te s  Cos t Curve  Ana lys is  (JBS Energy, 12/5/2000)

This  report was prepared to ana lyze  the  impact of load reduction on reducing the  cost of
e lectricity in the  context of the  PJM utility system. Ire  essence , when consumption is  reduced,
pa rticula rly during peak pe riods , the  marke t price  of e lectricity is  reduced for a ll consumers . The
consumers  who reduce  the ir usage  rece ive  the  benefit of reducing the ir tota l consumption
multiplied by the  marke t price  (with a  re a l time  pricing me te r), or the  load reduction multiplied
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by a  monthly average  price  (for load-profiled customers), even though they a re  providing grea te r
benefits  to the  system as a  whole .

The  report concluded tha t the  va lue  of load reduction from the  perspective  of ra tepayers  (in
reducing the  prices paid by everyone) is  a t least twice  as great as the  market prices -themselves,
and it rises  dramatica lly as  load increases . It is  clea rly in the  bes t inte res t of socie ty to spend
money and send price  s ignals  beyond the  market price  to encourage  energy efficiency and load
shifting, pa rticula rly during the  summer peak. Dis tributed photovolta ic gene ra tion, with its
re la tive ly s trong corre la tion with peak loads , could be  pa rticula rly important in this  rega rd. This
finding tha t conservation not only benefits  the  conserver but everyone  e lse  should become the
cornerstone  of a  new public goods impera tive  and the  associa ted ra te  design policy.

Effective  Load Carrying Capability Of Photovolta ics  In The  United S ta te s  (Pe rez, e t aL,
presented a t the  American Solar Energy Socie ty Annual Conference , July 2006)This  s tudy is  an
upda te  and an expansion of the  origina l work of Perez e t a l. (1993, 1996). In the  origina l work,
se lected utility loads  from the  la te  1980s  and ea rly 1990s  were  ana lyzed in conjunction with PV
output s imula ted from low resolution sa te llite  da ta . The  results  from the  se lected utility sample
were  extrapola ted to a ll US  utilitie s  by mode ling Effective  Load Ca rrying Capability5 (ELCC)
from the  robust re la tionship obse rved be tween ELCC and utility summer to winte r peak load
(SWP) ra tio. Using a  higher resolution and more  accura te  sa te llite  mode l to s imula te  s ite /time
specific PV output, the  emphasis  of the  present work is  placed on reporting s ta te -by-sta te
potentia l and on assess ing the  impact of grid pene tra tion and a rray geometry on ELCC. The
potentia l for Arizona  was based on extrapola ted data  for APS .

Results  show tha t overa ll regiona l trends  identified in the  ea rly 1990s  remain pertinent today,
while  noting a  s ignificant increase  in PV ELCC the  Weste rn and Northern US, and a  modest
decrease  in the  centra l and eastern US. The main conclusions reached in the  original s tudy
rema in va lid: PV's  e ffective  capacity is  s ignificant - and cons ide rably highe r than P V's capacity
factor - for much of the  United S ta te s . Da ta  for APS indica te s  tha t the  ELCC is  in the  70-75%
range  for a  two-axis  tracking sys tem. The  underlying da ta  was  used to deve lop the  following
estimates  of ELCC for various  system geometries  and pene tra tion leve ls  for Arizona :

Geometry:
P enetra tion:
E LC C :

2-axis tracking
2% 5% 10% 15%
71% 68% 61% 53%

Horizonta l
2% 5 %  1 0 %  1 5 %

5 5 %  5 2 %  4 7 %  4 2 %

South 30° tilt
2% 5% 10% 15%
57% 54% 47% 41%

Southwest 30° tilt
2% 5% 10% 15%
65% 61% 55% 48%

The  da ta  from this  s tudy clea rly shows tha t PV provides  s ignificant capacity va lue  to the
e le ctrica l grid.

5 The ELCC of a  power genera tor represents  its  ability to effectively increase the genera ting capacity available to a
utility or a  regiona l power grid without increas ing the utility's  los s  of load risk. For ins tance, a  utility with a  current
peaking capability of 2.5 GW could increase its  capability 2.55 GW with the same reliability by adding 100 MW
PV, provided the ELCC of the 100 MW PV is  50 MW, or in rela tive terms , 50%.
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